Introduction A gastrostomy placement (GP) is an established treatment to provide enteral feeding in pediatric patients with feeding difficulties aiming to improve nutritional status and health-related quality of life (HRQoL). The aim of this study was to evaluate HRQoL in children with severe feeding difficulties who have undergone GP. Materials and methods A cross-sectional study was performed including 128 patients who had undergone laparoscopic GP (2004)(2005)(2006)(2007)(2008)(2009)(2010)(2011). HRQoL was evaluated using the validated Pediatric Quality of Life 4.0 Inventory. Multiple regression analysis was performed to identify predictors of HRQoL.
Introduction
A gastrostomy placement (GP) is an effective treatment to provide enteral tube feeding in children in need of nutritional support. [1, 2] Previous studies on GP in children have focused primarily on the physical outcomes of patients after operation [3] . Health-related quality of life (HRQoL) is increasingly recognized as an essential component of patient care outcomes. It aims to assess the impact of an illness and its treatment on the dimensions of physical, psychological, and social health [4] [5] [6] [7] [8] . However, little is known about HRQoL as a patient care outcome in children undergoing GP, and about the factors influencing HRQoL.
Although laparoscopic gastrostomy is generally regarded as a safe procedure, minor complications such as hypergranulation, gastrostomy site infection, or leakage around the catheter frequently occur. [2] These minor complications can Maud Y.A. Lindeboom and Femke A. Mauritz have shared last authorship. be reason for reintervention or hospital readmission in 16% of patients. [9] Also, some children do not tolerate feeding directly into the stomach and need to be fed through a jejunal tube with a 24-hour continuous feeding scheme. Complications related to GP may therefore have an influence on the HRQoL of patients with a GP.
The main indication for GP in children is feeding difficulty, in most cases caused by neurologic impairment (NI), cardiac disease, or cystic fibrosis. [10] According to two previous studies that investigated HRQoL using the PedsQL in various disease categories, children with NI self-reported the lowest HRQoL out of all possible categories. HRQoL of pediatric patients with cystic fibrosis was less profoundly affected. [11] Children with congenital cardiac disease had HRQoL closest to the healthy pediatric population. [12] Presumably, in our study HRQoL may be profoundly affected by the child's primary health condition, and can be expected to differ among the various morbidities.
Many children requiring GP have coexistent gastroesophageal reflux (GER), especially those with NI. [13] After GP, symptoms of GER are seen in 25-66% of patients. [14, 15] The prevalence of GER may also have a significant impact on HRQoL. [16] .
Few studies performed in children undergoing GP have focused on HRQoL. One study investigated quality of life in children before and after GP, reporting no significant changes. [17] . However, this study did not use validated questionnaires for quality of life assessment. A few other studies focused on the experience of parents of children undergoing GP. [18] [19] [20] These studies reported a positive impact of GP on the HRQoL of parents, seen in a decrease in burden of care [19] and an increase in self-reported social functioning, energy, and general health perception. [18] These studies did not report on the HRQoL of the children themselves. To our knowledge, there is a lack of well-designed studies on the HRQoL in children undergoing GP. Where the aforementioned studies did not use validated HRQoL questionnaires, in this study the Pediatric Quality of Life (PedsQL TM ) 4.0 Generic Core Scales were used. This is a reliable and valid tool for proxy-report of HRQoL by caregivers and a parallel self-report for children. It has been used to assess HRQoL in healthy populations, as well as in children with numerous acute and chronic health conditions. [5] [6] [7] .
Although most children have little alternative for GP, it is important to understand the population undergoing GP and the consequences of GP itself on the lives of these children. This knowledge can help physicians provide better counseling to caregivers before and after GP. The aim of our study was to evaluate HRQoL in children with severe feeding difficulty who have been treated with GP and to identify predictors (both patient characteristics and gastrostomyrelated factors) of HRQoL.
Patients and methods
A cross-sectional study was performed including all children who had undergone GP at the age of 0-18 years between January 2004 and December 2011 at the Wilhelmina Children's Hospital, University Medical Center Utrecht (UMCU).
Surgical procedure
GP was performed laparoscopically under general anesthesia in all pediatric patients. All procedures were performed or supervised by an experienced pediatric surgeon. Operations were performed by 6 different pediatric surgeons.
Ethical approval and informed consent
This study was submitted to the UMCU Ethics Committee (EC). The EC ruled that the current study did not fall under the Medical Research Involving Human Subjects Act.
Clinical assessment
Patient characteristics and medical history were derived from the electronic patient records. NI was clinically manifested as psychomotor retardation, epilepsy, microcephaly, spasticity, visual impairment, and/or hypotonia.
At assessment, caregivers of children answered multiple questionnaires. Questionnaires were completed by parents (in 'proxy-report') and completed in private. For evaluation of HRQoL, the PedsQL TM 4.0 Generic Core Scales was filled out. The PedsQL TM is subdivided into four age-adjusted questionnaires (ages: 2-4; 5-7; 8-12; and 13-18 years) and a parallel self-report for children (ages: 5-7; 8-12; and 13-18 years). The inventory comprises 23 items. The HRQoL total score is divided into two main health scores: physical health summary score (8 items) and psychosocial health summary score (15 items). The psychosocial health score is reflected by the mean of three domains: emotional functioning (5 items), social functioning (5 items), and school functioning (5 items). Items were reverse-scored and scale scores per domain were computed as the sum of the items divided by the number of items answered. Scale scores were then transformed into a scale from 0 to 100, where higher scores indicate better HRQoL. The PedsQL TM version for the age category 2-4 years is shown in Table 1 as an illustration of HRQoL assessment.
Data on gastroesophageal reflux were obtained from the gastroesophageal reflux symptom Questionnaire (GSQ). [21] In infants, symptoms assessed were back arching, choking or gagging, hiccups, irritability, refusal to feed, and vomiting or regurgitation. In young children, symptoms assessed were abdominal pain, burping or belching, choking when eating, difficulty swallowing, refusal to eat, vomiting, and regurgitation. In this questionnaire, parents scored the symptoms of their child on a frequency scale (0-7 days a week) and a severity scale (0-7). Patients with at least daily and moderately severe symptoms, or at least weakly and severe symptoms were considered positive for symptomatic GER.
Additional information considering the use of the gastrostomy and complications related to GP was collected with the Gastrostomy Placement-specific questionnaire ( Table 2 ).
Statistical analysis
The mean HRQoL was investigated in all subdomains of HRQoL assessment. For the PedsQL TM Generic Core Scales, no normal values are available. The only available data as a reference for normal values are published in a large study performed by Varni et al. including 9500 healthy children, having a mean HRQoL score of 82.70 (± 15.40). [12] The difference in total HRQoL between our sample size and the healthy population from Varni et al. was calculated using a two-sample t test with Welch's correction, which is appropriate for when two samples have unequal variances and unequal sample sizes. Differences in HRQoL scores between independent samples of children (for example, between NI and neurologically normal (NN) children) were calculated using the independent samples t test.
To correct for incomplete data on HRQoL scores (in case caregivers did not completely fill out the questionnaire in one or multiple subdomains), we used multiple imputation to create 20 complete datasets. [22] Variable groups were used to predict missing values in the imputation model Multiple linear regression analysis was performed on the imputed data in order to identify predictors of postoperative total HRQoL. Combined results are presented. Since the sample consisted of 128 patients with complete assessment, the maximum number of independent variables entered into the regression analysis was set at 12. The variables chosen to include in the regression analysis were chosen based on univariate analysis (apart from the variables age and gender as general variables). Variables included were age, gender, follow-up time, NI, cardiac disease, history of previous 
Results
Three hundred patients had undergone GP between January 2004 and December 2011. Out of these patients, 150 patients and/or their caregivers (50.0%) agreed to participate in the current study. Median age of these children at the time of surgery was 2. 
Patient characteristics
Patient characteristics are described in Table 3 for both responders and non-responders. The main underlying pathologies were NI (70.7%), cystic fibrosis (11.3%), and cardiac disease (4.7%). Characteristics of non-responders are also given. During follow-up, 26 patients died because of causes unrelated to gastrostomy. Causes of death were deterioration of neurologic disease (n = 23), cystic fibrosis (n = 2), and advanced cardiac disease (n = 1). These patients could consequently not be included. 
Gastrostomy use and its complications
After GP, the gastrostomy was still in place in 87% of patients. Minor gastrostomy-related complications occurred in the majority of patients (90.7%), mainly consisting of hypergranulation (60.7%), infection of the gastrostomy site (48.7%), dislodgement of the catheter (43.3%), and obstruction of the catheter (23.3%). General satisfaction with the gastrostomy was graded as 8.2 (± 1.8) on a 10-point scale. After GP, some children did not tolerate feeding directly into the stomach and needed to be fed through a jejunal tube (n = 4; 3.4%).
Health-related quality of life (HRQoL)
After GP, the mean total HRQoL score was 53.0 out of 100 (± 21.1). The mean psychosocial health summary score was 62.9 (± 34.0) and physical health summary score was 43.4 (± 17.2). Between the three subdomains of psychosocial health, the children scored best in the subdomain of emotional functioning (66.9 ± 17.5), followed by social functioning (64.9 ± 25.0), and school functioning (57.5 ± 24.7). These scores are all based on the observed data (n = 128). Comparing our sample with the sample of Varni et al. [12] which we used as a reference standard (with a mean HRQoL score of 82.70 (SD 15.40)), we encountered a difference between the mean values of 29.7 points (95% CI 27.6-31.2). Figure 2 shows HRQoL after GP stratified according to our main categories of morbidity. Lowest HRQoL values were found in NI children (45.8 ± 18.1), followed by children with cardiac disease (50.9 ± 23.1), cystic fibrosis (68.5 ± 15.1), behavioral disorder (72.5 ± 21.9), failure to thrive (74.5 ± 18.5), and renal disease 75.2 (± 18.9).
Predictors of HRQoL outcome after GP
All variables included in the multiple regression model of postoperative HRQoL and their coefficients are shown in Table 4 . These results are based on the imputed data (n = 150).
Patients with NI had a significantly lower postoperative HRQoL compared to the rest of the patients with normal neurodevelopment, with a mean of 46.4 (± 18.2) in NI children compared to 71.4 (± 15.9) in NN children (confidence interval of the difference 23. 8-26.5 ). Furthermore, NI had the highest predictive value of lower HRQoL outcome out of all variables included in the multivariate analysis, with an adjusted mean difference of 21.4 points (32. 6-10. 3) between NI and NN children. In subdomains of HRQoL, NI children scored particularly lower in the domain of physical health, with a mean physical health score of 27.5 (± 27.6) in NI children versus 71.3 (± 21.2) in NN children, with a mean difference of 43.8 points (41. 8-45.9 ). In the psychosocial domain, NI children had a smaller disadvantage compared to NN children, with a mean psychosocial health score of 56.8 (± 17.2) in NI children compared to 70.6 (± 15.5) in NN children, with a mean difference of 13.7 points (12.4-15.1).
Children with cardiac disease had lower HRQoL after GP, with a mean difference of −19.0 points (−32.1 to −5.9) between affected and unaffected children. In addition, children with a history of gastrointestinal surgery (mean difference of −15.2 points, (−28.2 to −1.7)) and older patients at time of operation (−1.2 points per year; (−2.3 to −0.2)) had lower HRQoL. The need for jejunal tube feeding through the gastrostomy site was also a predictor of lower HRQoL, with a mean difference of −33.0 between children with and children without the need for jejunal tube feeding (−9.3 to −56.7).
The other variables included in the analysis did not have a statistically significant predictive value on postoperative HRQoL.
Discussion
This was the first study to investigate HRQoL in children with a gastrostomy using validated questionnaires. We found that after a mean follow-up time of 4.0 years (IQR 2.9-6.2), children with a gastrostomy had significantly lower HRQoL compared to the HRQoL of a large population of healthy normal children. Although it was suspected that HRQoL would be affected in this group of children, this had not previously been demonstrated.
After performing multiple regression analysis, we were able to evaluate parameters associated with lower HRQoL. NI was the main predictor of low HRQoL outcome. No data on health-related quality of life in specific comorbidities are available. However, our findings are in line with findings of another study by Varni et al. reporting on HRQoL assessment in 2500 children among 33 different disease categories. [12] They reported that NI children had the lowest HRQoL out of all disease categories, with a mean HRQoL of 66.85 (± 16.73) in their sample of 245 NI children compared to 82.70 (± 15.40) in their healthy sample. The mean HRQoL in our NI cohort was even lower than that of NI children in the population of Varni et al. This difference may be related to the severity of NI in our study population of children in need of a gastrostomy tube. However, because we do not possess the raw data of the Varni population, we cannot elaborate on this difference with any certainty.
The presence of cardiac disease was also a significant predictor of lower HRQoL after GP in our study, but to a lesser extent than NI. Other morbidity groups were not related to lower outcome in HRQoL in our study.
With respect to patient characteristics, we found that age at the time of operation was a predictor of lower HRQoL, indicating that older children undergoing GP are prone to have lower HRQoL in the long term. The cause of this relation is unclear. We found no significant differences in characteristics between children underneath 12 years of age and the adolescents (12-18 years) in our study group. A study performed by Mahant et al. found that children with progressive neurologic disorder had significantly lower HRQoL over time. [17] This may possibly explain the results in our study cohort. Another possible explanation is that the older a patient is at the time of GP, the more difficult it is to adjust to living with a gastrostomy. A prospective study following children with GP into adulthood is required to provide more certainty on this matter.
We investigated gastrostomy-related complications and their correlation with HRQoL. In a previous study, our research group found that a large number of children experience post-GP complications. While the severity of the complications is often minor, they are nevertheless often recurrent and sometimes require reintervention in the OR.
[2] These complications may thus have a major impact on everyday life. The impact of these complications on HRQoL of children undergoing GP had never been investigated. In our study, GP-related complications requiring reintervention in the operating room were negatively correlated with HRQoL. Surprisingly, this association was not statistically significant (p = 0.06) indicating that GP-related complications may have only limited negative influence on HRQoL. Another possible explanation may lie in the long follow-up period of our study of 4.0 years (IQR 2.9-6.2). Since most complications occur in the first year after GP, the influence of these complications on HRQoL may diminish over time during follow-up.
A limitation of our study is that it is cross-sectional; it is therefore not possible to determine a causal relationship between GP and HRQoL. However, with multiple regression analysis we were able to identify parameters associated with lower or higher HRQoL. The study can be a good starting point for future prospective, longitudinal studies on the influence of GP on HRQoL.
Another limitation of this study is our response rate of 50%, which may have caused a bias in the selection of included patients. Furthermore, we encountered missing data in the 14.7% of the included children, mainly in the domain of psychosocial functioning and specifically the subdomain of 'functioning at school/day care.' Because of the severity of the underlying disease, caregivers were unable to answer these questions, even though the PedsQL TM is validated for all different disease categories.
The current study provides insight into the characteristics of children with gastrostomy and the influences of patient-related characteristics and GP-related factors on their HRQoL. After GP, children have significantly lower HRQoL compared to a healthy pediatric population. Neurologic impairment, cardiac disease, a history of other gastrointestinal surgery, older age, and the need for jejunal feeding through the gastrostomy were predictive of even lower HRQoL. Data on HRQoL after GP in pediatric patients are important for treating physicians when children are referred for GP, especially in providing information to patients and their caregivers.
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